Neural-cadherin is a member of the cadherin gene family encoding the N-cadherin protein that mediates cell adhesion. N-cadherin is a marker of Sertoli cells and is also expressed in germ cells of varying stages of maturation. The purpose of this study was to determine the presence and distribution of this protein by immunohistochemistry in 105 germ cell tumors of both single and mixed histological types and 12 gonadal stromal tumors. Twenty-four germ cell tumors consisted of one cell type and the remaining were mixed. Of the 23 seminomas in either pure or mixed tumors, 74% were positive. Two spermatocytic seminomas were positive. Of the 83 cases with yolk sac tumor, 99% were positive for N-cadherin. The teratomas were positive in 73% in neuroectodermal and / or glandular components. In contrast, 87% of embryonal carcinomas did not express N-cadherin. Only 17% of the syncytiotrophoblastic cells were positive for N-cadherin. In conclusion, N-cadherin expression is very helpful in the identification of yolk sac tumors. In addition to glypican-3 and Sal-like protein 4, N-cadherin can be beneficial for the diagnosis and classification of this subtype of testicular germ cell tumor. Nine of the 12 gonadal stromal tumors were positive to a variable extent.
Introduction
The neural-cadherin (CDH2) gene encodes the N-cadherin protein, a member of the cadherin gene family that mediates cell adhesion, differentiation, embryogenesis, and invasion 1 . It has been described in a number of organs 1, 2 and malignancies derived from these 3, 4, 5 . Although the distribution of N-cadherin in the normal testis is known 6 , there is no information regarding its presence in testicular germ cell and gonadal stromal tumors. The purpose of this study was to determine the presence and distribution of this protein in testis tumors compared to the distribution in the immature and mature testis.
Materials and Methods

Specimens
The testis of one 32-week-old fetus and orchiectomy specimens of 105 patients with germ cell tumors as well as 12 gonadal stromal tumors from the Testicular Tumor Registry of the Armed Forces Institute of Pathology were used. The specimens were fixed in 10% neutral buffered formalin and paraffin embedded. The tumors were classified according to the 2004 World Health Organization classification 7 . The H&E stained sections of each patient were reviewed and 1 representative section per case was selected for this Ivyspring International Publisher study. The corresponding unstained section was utilized for immunohistochemical evaluation of N-cadherin.
Immunohistochemistry
Following deparaffinization, the sections were dehydrated and blocked in 0.6% hydrogen peroxide in methanol for 20 minutes. Sections were processed for antigen retrieval in citrate buffer (pH 6.0) for 25 minutes in a microwave followed by 25 minutes of cooling in room temperature. Sections were then blocked in 1% horse serum for 40 minutes, followed by incubation with commercial monoclonal mouse anti-human N-cadherin clone 6G11, isotype IgG 1 , kappa (DAKO Cytomation, Inc., Carpinteria, CA) as the primary antibody at a dilution of 1:120 for 60 minutes at room temperature. Following primary antibody incubation, sections were incubated with the biotinylated horse anti-mouse antibody at a dilution of 1:200 (Vector Burlingame) for 30 minutes followed by treatment with the ABC Kit (Vector) for 30 minutes. The color detection was achieved by treatment with VIP (Vector) for 5 minutes. Sections were counterstained in hematoxylin for 1 minute, dehydrated, cleared and mounted. Positive reaction for N-cadherin was scored as membranous, cytoplasmic or cytoplasmic and membranous and recorded. The percentage of cells positive was scored: up to 25%, > 25%-50%, > 50%-75%, and >75%. The staining intensity was scored as 1+ (weak), 2+ (moderate), or 3+ (strong).
Results
The distribution of tumor types is shown in Table 1. The percentage of cells positive and intensity of staining for N-cadherin are seen in Table 2 for tumors of one histological type and in Table 3 for tumors of more than histological type. In the normal testis, N-cadherin was consistently seen in a membranous pattern in Sertoli cells of the immature (Fig. 1A, 1B ) and mature testis ( Fig. 2A, 2B) , and served as a built-in positive control. It was also detected in a similar pattern in the rete (Fig. 1A, 1B ) of the immature and mature testis. However, N-cadherin expression was limited to the proximal portion of the epididymis (Fig. 3A, 3B ) in the adult. The distal part of the epididymis and the vas were negative for N-cadherin as were normal stromal components including smooth muscle and endothelial cells. Occasionally, Leydig cells were diffusely positive. In sections that included the mesothelial surface, N-cadherin was positive in mesothelial cells. The N-cadherin expression detected in spermatogonia of the immature testis (Fig. 1A, 1B ) and spermatogonia and spermatocytes of the adult testis is difficult to separate from the associated Sertoli cells. The unclassified type of intratubular germ cell neoplasia also has membranous positivity with 2+ intensity ( Fig. 2A, 2B) . Six of the 8 pure seminomas and 11 of 15 seminomatous components in mixed germ cell tumors were positive in a characteristic linear, "zipper-like" pattern restricted to areas of cell to cell adhesion referred to as a "junctional pattern" (Fig.  4A, 4B ). At the interface between tumor cells and stroma, N-cadherin was usually absent. In most of the seminomas, N-cadherin was observed in less than 50% of cells with 2+ intensity (Tables 2 and 3 ). In the two spermatocytic seminomas, the N-cadherin was identified in a membranous pattern with moderate intensity in 25% to 50% of tumor cells (Fig. 5A , 5B). Six pure yolk sac tumors (Fig. 6A, 6B ) and all but one of yolk sac tumor components in 76 mixed germ cell tumors ( Table 3 ). In three pure embryonal carciomas, one was weakly and only focally positive (Fig. 7C, 7D , Table 2 ). Of 3 pure teratomas, 2 were positive for N-cadherin, and in 57 mixed tumors with teratoma, 42 were positive for N-cadherin in neuroectodermal elements, glial cells, or glandular epithelium (Fig. 9A, 9B ). The intensity was mainly moderate (2+). The 3 cases with foci of choriocarcinoma were negative as were the syncytiotrophoblastic cells in 20 of the 24 cases. Yolk sac tumor was by far the most consistently and strongly immunoreactive germ cell tumor type.
Three of the four Leydig cell tumors showed weak cytoplasmic reactivity (Fig. 10A,10B) . Four of the six Sertoli cell tumors were positive with weak to moderate membranous staining (Fig.11A, 11B ) and one with Leydig and Sertoli cell differentiation in membranous and cytoplasmic pattern. The juvenile granulosa cell tumor showed mainly weak cytoplasmic positivity. (Table 4 , Fig 12A, 12B ).
Discussion
The distribution of N-cadherin in the immature and mature testis in this study is similar to that reported by others 2, 6 . Considering the origin of these tumors from the primordial germ cell 8, 9 , N-cadherin expression in the unclassified type of intratubular germ cell neoplasia and all of the basic germ cell tumor types of the adult is not surprising. The membranous, junctional expression pattern in seminoma reflects the close relationship between seminoma and both the intratubular unclassified type of germ cell neoplasia and the primordial germ cell. The sper-matocytic seminoma stains in a pattern similar to the spermatocytes of the adult testis. The preferential staining of glandular and neuroectodermal teratomatous elements is consistent with the N-cadherin expression in tissues of neuroectodermal 10 and endodermal origin 2 . The embryonal carcinoma has features of an undifferentiated carcinoma and the N-cadherin expression is infrequent, less organized, and very limited. It is possible that the absence of N-cadherin in embryonal carcinoma reflects a lack of differentiation 11 . In this study, the N-cadherin expression in 98.7% (82 of 83) of yolk sac tumor samples was the most consistent. All but one case, which contained a minute focus of yolk sac tumor, stained intensely positive for N-cadherin in the majority, highlighting the different histologic patterns. It was not only membranous but also cytoplasmic. More than half of adult testicular germ cell tumors consist of more than one cell type. Appropriate medical management depends on accurate pathologic diagnosis and tumor classification. Yolk sac tumor is present in approximately 40% of mixed germ cell tumors but may be difficult to recognize because it displays several microscopic patterns. In about 75% to 90% of cases, -fetoprotein can be detected in the serum or by positive staining in the tumor. The focal positivity can make it difficult to identify and differentiate the yolk sac tumor component. As such, additional markers of endodermal differentiation would be beneficial for the diagnosis and classification of these tumors. Therefore, N-cadherin could be a useful additional marker for the detection of even minute foci of yolk sac tumor in the setting of a mixed germ cell tumor, which can be easily overlooked in H&E stained sections. Compared to N-cadherin, AFP is present in 92% of yolk sac tumors, only focally and less extensive. Another excellent marker, helpful to identify minute yolk sac tumor elements, is glypican-3 (GPC3) 12, 13, 14, 15 . Sal-like protein 4 (SALL4), a stem cell marker, is positive in all germ cell tumor types and is more sensitive in detecting YST than AFP or GPC3, similar to N-cadherin 16, 17 . Unlike SALL4, the embryonal carcinomas were only rarely and focally positive for N-cadherin. The solid YST can resemble a seminoma in the H&E stained sections, but the characteristic linear positivity differs strikingly from the membranous and cytoplasmic pattern in YSTs. In metastatic cases, there was one yolk sac tumor and one teratoma. Both stained positive for N-cadherin with the YST staining >75%/3+ and the teratoma staining 50%/2+. This demonstrates that N-cadherin is useful for identifying metastatic cancers as well.
In contrast to the strong membranous reactivity for N-cadherin in immature and mature Sertoli cells, the reaction in Sertoli cell tumors is generally membranous, but weak and heterogeneous. In Leydig cell tumors, we found focal membranous and cytoplasmic reactivity. The juvenile granulosa cell tumor reacted focally and with varying intensity.
CDH2 expression in testicular tumors is not restricted to the germ cell tumor variants but is also observed in gonadal stromal tumors albeit more limited and less intense. The strong and consistent positive reaction for N-cadherin in yolk sac tumor was unexpected and potentially helpful. his advice regarding Sertoli cells and their tumors. We also would like to thank Stephen Doyle of the Center for Prostate Disease Research for his assistance with the figures and tables.
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